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femur. Fractional lipid signal from the whole proximal femoral
region was lower in the OA group than the control group (74.0
± 3.0% vs 76.9 ± 3.7%, P <0.05). When analysed by region,
the head and neck regions had signiﬁcantly (P <0.05) smaller
fractional fat content in the OA group than the control group. No
difference was found between sides scheduled for surgery and
the contralateral side in the OA patients. Fractional lipid signal in
the muscles was higher in OA; gemelli 6.4% vs 3.2% (P<0.001)
and adductor magnus 10.7% vs. 7.6% (P<0.01).
Conclusions: We found an apparent reduction in the lipid:water
ratio in the proximal femur in both the affected and unaffected
sides in patients with OA. Together with laboratory evidence of
increased lipid content (v/v), this suggests there is also increased
water content. How this ﬁts in the reduced marrow space left by
the increased cancellous bone volume is not clear. Fat was
widely distributed throughout the muscles in OA patients, making
identiﬁcation difﬁcult, and average fractions were higher. These
observations support the theory that OA is not just a cartilage
disease but effects can also be seen in bone and muscle.
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DETECTION OF PROTEOGLYCAN DEPLETION IN HUMAN
OSTEOARTHRITIC CARTILAGE SAMPLES WITH
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Purpose: To directly evaluate the correlation between the sever-
ity of loss of proteoglycans to the T1rho relaxation time of human
osteoarthritic cartilage samples obtained from total joint replace-
ment surgery.
Methods: The tibial plateau and femoral condyle cartilage of
seven osteoarthritic knees (from six patients, 2 males and 4
females) were obtained during Total Knee Replacement surgery.
Immediately after surgery, the obtained cartilage pieces were
scanned on a GE 3T MRI scanner using a quadrature wrist coil.
The cartilage pieces were immersed in phosphate-buffered saline
and scanned in a geometrically similar position to the physiologic
positioning of the knee in in vivo imaging. The sagittal 3D
T1rho-weighted imaging sequence was composed of two parts:
magnetization preparation based on spin-lock techniques as
previously developed for the imparting of T1rho contrast, and an
elliptical-centered segmented 3D SPGR acquisition immediately
after T1rho preparation during transient signal evolution. The
imaging parameters were: TR/TE = 9.3/3.7 msec; Field of View
= 6-8 cm, matrix = 256 x 192, slice thickness = 2 mm, Band
Abstract 345 –Figure 1
Width = 31.25 kHz, VPS = 48, Trec = 1.5 s, Time of Spin Lock =
0, 10, 40, 80 ms, Frequency of Spin Lock = 500 Hz.
After imaging, a 50 mg sample of cartilage was obtained by
punch biopsy (Sklar Truepunch, Sklar Instruments, West Chester,
PA, USA). The biopsy punches were taken at standardized lo-
cations on each condyle or tibial plateau. The sample tissues
were digested in papain and used for biochemical analyses. Pro-
teoglycan content was measured using a commercially available
1,9 dimethylmethylene blue (DMMB) based assay. The T1rho
values corresponding to the punch location were acquired using
software developed in-house. Strength of correlation of T1rho
relaxation times to the proteoglycan content was assessed using
the Spearman correlation coefﬁcient (r).
Results: A signiﬁcant inverse correlation between the amount of
proteoglycans in the cartilage and the T1rho values was found (r
= -0.587, P = 0.03, Figure 1).
The mean %PG in the examined biopsy punches was 3.62%
wet weight (min = 1.91%, max = 7.05%, Standard Deviation =
1.23%). The mean T1rho value for the examined tissues was
66.67 msec (min= 49.8 msec, max = 87.5 msec, Standard
Deviation = 10.17 msec).
Conclusions: The signiﬁcant negative correlation observed be-
tween the proteoglycan measurements and T1rho values sug-
gests that T1rho imaging is capable of reliably detecting changes
in the proteoglycan content of articular cartilage. While other
investigators have either compared the T1rho values of os-
teoarthritic vs. normal cartilage in vivo or examined the effect
of PG loss on T1rho in enzymatically degraded bovine cartilage
specimens ex vivo, the direct comparison of proteoglycan content
and T1rho relaxation times in fresh, human osteoarthritic carti-
lage has never been documented. The ability to non-invasively
detect changes in proteoglycan content of cartilage is clinically
signiﬁcant, since PG depletion is among the earliest steps in
OA etiopathology and takes place far in advance of development
of pain or morphologically observable damage to cartilage. Our
results demonstrate the potential of T1rho imaging to provide
a non-invasive method for early differentiation of diseased from
normal cartilage.
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G.E. Gold
Stanford University, Stanford, CA
Purpose: Early degenerative changes in articular cartilage lead-
ing to osteoarthritis are accompanied by proteoglycan (PG) de-
pletion in the cartilage matrix. Sodium MRI has been shown to
correlate with PG concentration, and may be useful in detecting
and tracking early PG depletion. Sodium MRI is challenging due
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to relatively low 23Na concentrations in biological tissues, a rapid
bi-exponential signal decay, and a low gyromagnetic ratio. De-
spite these challenges, recent hardware improvements and novel
SNR-efﬁcient pulse sequences have demonstrated feasibility of
sodium MR in cartilage in vivo in reasonable scan times. How-
ever, most of these studies have used small surface coils with
limited volume sensitivity. Achieving whole joint coverage with
adequate SNR has been difﬁcult.
In this work, we explore the feasibility of whole-knee sodium
MR. We present images from a custom sodium-tuned volume
coil for whole-knee sodium imaging at 3T, and compare the
achieved resolution and image quality with various other surface
coil conﬁgurations at both 3T and 7T.
Methods: A fast gradient-spoiled sequence using a 3D cones
k-space trajectory was developed for sodium image acquisition.
The sodium sequence was implemented on both 3T and 7T
GE Signa Excite whole-body scanners with HFD gradients (GE
Healthcare, Waukesha, WI). A custom sodium-tuned Helmholtz
pair coil was developed for use at 3T, with loop diameter of 5
inches and loop separation of 5.25 inches. Surface coils em-
ployed in the study include a custom 4 inch sodium-tuned coil at
3T, and a dual-tuned 5 inch surface coil at 7T.
Results: Surface coil conﬁgurations were able to achieve excel-
lent SNR across small FOVs at high resolutions in reasonable
scan times.
Figure 1 shows axial proton and sodium images of the
patellofemoral joint of a healthy 35 year-old volunteer at 7T
(1x1x2 mm, 24 min scan time). The axial proton and sodium im-
ages from a healthy 65-year-old volunteer show no abnormality
on the proton images but lower sodium (and proteoglycan) con-
centration. The surface coils were placed on top of the patella.
Full coverage of the tibiofemoral joint is difﬁcult to obtain with
surface coils.
Figure 1
Figure 2 shows a sagittal section near the coil (placed on
the lateral surface of the knee) in a healthy volunteer at 3T
(1.25x1.25x4mm, 16 min total scan time). While this section
shows good SNR, the SNR decreased rapidly for more medial
slices.
Figure 2
The Helmholtz pair conﬁguration at 3T achieved full-knee cover-
age with adequate SNR, but at a slightly reduced resolution and
increased scan time.
Figure 3 shows several sagittal slices from a normal volunteer
using the Helmholtz coil. Resolution was 2x2x4 mm and total
scan time was 31 min.
Figure 3
Conclusions: We have demonstrated feasibility of in vivo whole-
knee sodium MR at reasonable resolutions (2x2x4 mm) at 3T
using a Helmholtz coil conﬁguration. Further SNR gains over the
Helmholtz conﬁguration can be expected with more advanced
coil conﬁgurations, such as sodium-tuned phased-arrays. We
conclude that further improvements in sodium MR coil design
will enable whole-knee in vivo sodium MR with adequate SNR
and resolution for PG assessment in acceptable scan times.
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Purpose: There is evidence that knee alignment is associated
with progression of knee osteoarthritis (KOA). The Anatomic
Axis (AA) angle has previously been described as a method for
assessing varus and/or valgus in KOA on planar radiographs.
A new software tool for performing AA has been developed
(KneeAnalyzer™, Optasia Medical) as part of a clinical trials im-
age management solution (Bio-Track™, Bio-Imaging Technolo-
gies). The AA measurement is conducted in conjunction with the
semi-automated joint-space width measurement of the medial
and lateral compartments of the knee.
Methods: The AA measurement is made as an angle formed by
the intersection of two lines. The ﬁrst is deﬁned from the mid-
point of the valley between the tibial spines to the mid-point of the
cross-section of the tibial shaft 10cm below the tibial spines. The
second is taken as the line from the mid-point of this valley to the
cross-section of the femoral shaft 10cm above the tibial spines.
The angle measurement is then taken on the lateral side of
where the lines bisect. 32 patients with KOA (Kellgren-Lawrence
grade 2 or 3) had duplicate x-rays taken of the knee, on the
same day with repeat positioning, using the Lyon-Schuss ﬁxed
ﬂexion acquisition protocol with limb placement standardised uti-
lizing a positioning device (Synaﬂexer™, Synarc). The images
were digitized, and then blinded to patient ID and measurement
chronology. Two x-ray technologists were trained in the use of
the software tool. Both technologists then applied the AA mea-
surements on all 64 images. All measurements were recorded
automatically by the software.
Results: The mean angle (SD) for the technologists were 180.8
(2.98) and 181.2 (2.82) degrees respectively. The SD between
the technologists, which provides an estimate of the inter-reader
variability if the technologists had no variability in their own esti-
